Objectives This study examined the risk of postpartum hospital admissions and emergency department (ED) visits among US women with intellectual and developmental disabilities (IDD). Methods We used the 2002-2012 Pregnancy to Early Life Longitudinal Data System and identified deliveries to women with and without IDD. Women with IDD (n = 1104) or case subjects were identified from the International Classification of Diseases and Related Health Problems 9th Revision (ICD-9 CM) codes. The study primary outcome measures were any postpartum hospital admission and any ED visit during three critical postpartum periods (1-42, 43-90, and 1-365 days). We conducted unadjusted and adjusted survival analysis using Cox proportional hazard models to compare the occurrence of first hospital admission or ED visits between women with and without IDD. Results We found that women with IDD had markedly higher rates of postpartum hospital admissions and ED visits during the critical postpartum periods (within 1-42, 43-90, and 91-365 days) after a childbirth. Conclusion for Practice Given the heightened risk of pregnancy complications and adverse birth outcomes and the findings of this study, there is an urgent need for clinical guidelines related to the frequency and timing of postpartum care among new mothers with IDD. Further, this study provides evidence of the need for evidence-based interventions for new mothers with IDD to provide preventive care and routine assessments that would identify and manage complications for both the mother and the infant outside of the traditional postpartum health care framework.
Introduction
Women with intellectual and developmental disabilities (IDD) face multiple social, economic, and health disparities Mitra et al. 2015; Parish et al. 2015) . In addition to these disparities, women with IDD are often deprived of their sexual and reproductive rights and are also more likely to have risk factors associated with pregnancy complications and adverse birth outcomes Mitra et al. 2015) . Earlier studies have found that compared to women without IDD, those with IDD experience more medical complications during pregnancy and have higher rates of adverse birth outcomes Parish et al. 2015) . One recent population-based study found that women with IDD were significantly more likely to have labor inductions and Cesarean sections compared to women without IDD, in addition to higher rates of pre-eclampsia/ eclampsia, venous thromboembolism, and chorioamnionitis . That same study also found higher antepartum hemorrhage rates for women with IDD, which has been found in other research as well (Clements et al. 2016; Verburg et al. 2016) . Another study examining healthcare utilization found that women with IDD are more likely to experience high rates of prenatal hospital utilization and less likely to utilize adequate and timely prenatal care .
Despite growing knowledge about the perinatal health of women with IDD (Clements et al. 2016; Verburg et al. 2016; Mitra et al. 2015; Parish et al. 2015) , little is known about the health and healthcare utilization of women with IDD during the postpartum period in the United States. A recent study on postpartum hospital admissions and emergency department visits among Canadian women with IDD (Brown et al. 2017) found that women with IDD were at an increased risk for postpartum hospital admission and emergency department visits within 42 days following delivery, especially for psychiatric indications. However, generalizability of these findings for the US population of women with IDD remains a challenge due to marked differences in healthcare systems and other social welfare support schemes that are available to persons with IDD in Canada. Further, Brown et al. (2017) did not examine the risk of women with IDD for hospital admission and emergency department visits during the extended postpartum period. The health of mothers during the fourth trimester (defined as 1-90 days post childbirth) (Verbiest et al. 2016 ) and the extended postpartum period (defined as 1-year post childbirth) (Walker et al. 2015) has significant effects on the emotional and physical health of both mothers and their infants (Young et al. 2015) . In light of the limitations of existing literature and the scarce existing population-based research about the postpartum experiences of US women with IDD, the aim of this study is to assess the risk of postpartum hospital admission and emergency department visits during the first postpartum year among women with and without IDD in the United States.
Methods

Study Setting
We conducted a population-based retrospective cohort study in Massachusetts. Massachusetts has a population of approximately 6.6 million (US Census Bureau 2013) and an average of about 77,000 deliveries per year (Massachusetts Department of Public Health 2014). Our study covered all hospital-based deliveries that occurred during the 2002-2012 period.
Data Source
We analyzed data from the Massachusetts Pregnancy to Early Life Longitudinal Data System (PELL). The PELL data links all statewide birth certificates, fetal death reports, and delivery and non-delivery-related hospital discharge records (inpatient visits, observational stays, and emergency department visits) for all infants and their mothers using deterministic and probabilistic methodologies. The PELL data contain > 100 clinical and nonclinical data elements for each delivery that occurred in Massachusetts and the subsequent hospitalizations since 1998, including primary and secondary diagnoses and procedures, admission and discharge status, patient demographic characteristics, expected payer, total charges, and length of stay. Detailed information on the PELL design is available elsewhere (Walker et al. 2015; Young et al. 2015) . We analyzed PELL data from January 1, 2002, to December 31, 2012.
Study Sample
The PELL data include unique decoded patient identifiers, thus the unit of analysis is any delivery to a Massachusetts woman who gave birth during the 2002-2012 study period. Deliveries to women with IDD (n = 1104) or case subjects were identified by analyzing the primary and secondary diagnoses of any hospital admissions before, during, or after the delivery, including emergency department (ED) visits, nondelivery hospitalizations, and observational stays (any hospital stay for which diagnosis and treatment are not expected to exceed 24 h but may extend to 48 h). If any of the IDDrelated diagnoses from the International Classification of Diseases and Related Health Problems 9th Revision (ICD-9 CM) codes (see Table 1 for complete listing) was present on the hospital discharge record, the woman was considered to have IDD. For some women the IDD status could have been established based on hospital discharge records that date 10 years prior to or after delivery. For example, if a women gave birth in 2002, her IDD status could be based only on a hospital admission in 2012. However, our assumption in this study is that any IDD-related diagnoses identified before, during, or after the delivery were childhood-onset conditions. IDD diagnoses after delivery would be rare, although it could be possible for some women. Due to the relatively small number of deliveries among women with IDD, we combined data from 11 years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) to increase the sample size, hence the statistical power. Our final analytical sample was 779,513 deliveries, including 1104 deliveries to mothers with IDD and 778,409 deliveries to mothers without IDD.
Outcome Measures
Our primary outcome measures were (1) hospital admissions (inpatient stays and/or observational stays) and (2) emergency department (ED) visits within 1-42, 43-90, and 91-365 days after childbirth. For our analysis, we captured the first encounter of any hospital admission and any first encounter of repeated (two or more) hospital admissions (World Health Organization 2010) . Additionally, we captured, any first encounter of an ED visit, any repeated (two or more) ED visits, and any frequent (four or more) ED visits. Of note, we aggregated the inpatient stays and observational stays due to their relatively low frequency among women with IDD. Additionally, ED visits that resulted in hospital admission were not double counted as both an ED visit and a hospital admission. Finally, hospital discharge date was calculated from the time at discharge, not time of admission.
Covariates
Covariates of interest included social and demographic characteristics [maternal age, race/ethnicity, education (less than high school, high school graduate, or some or more college)], marital status, type of health insurance (private or public), adequacy of prenatal care (characterized as inadequate, intermediate, adequate, or adequate plus using the Kotelchuck index) (Kotelchuck 1994 (Kotelchuck , 1997 , and smoking during pregnancy. Previous research showed that pre-pregnancy health conditions and maternal complications are significantly associated with adverse delivery outcomes Clements et al. 2016; Adams et al. 2000) hence, they can potentially impact the risk of postpartum hospital utilization. For pre-pregnancy health conditions or pregnancy related complications, we included a binary variable as to whether women had none or one of the following: diabetes, gestational diabetes, hypertension, gestational hypertension, cardiac disease, hydramnios/oligohydramnios, hemoglobinopathy, renal disease, RH sensitization, rubella infection, seizure disorders, sickle cell anemia, uterine bleeding, weight gain/loss, and other risk factors for pregnancy. For delivery related complications, we added a binary variable as to whether women had none or one of the following: abruptio placentae, other excessive bleeding, placenta previa, precipitous labor, prolonged labor, rupture of membrane, seizures during labor, anesthetic complications, breech/malpresentation, cephalopelvic disproportion, cord prolapse, dysfunctional labor, fever, fetal distress, meconium moderate to heavy, and other labor and delivery complications. The variables for pregnancy risks and delivery related complications include indicators for 'other risks for pregnancy' and 'other labor and delivery complications', as defined by the developers of the PELL data. These two indicators include medical/clinical factors that have low prevalence and were therefore combined. The PELL codebook, however, does not provide any further information as to what specific diagnoses were included in these categories. Other clinical characteristics included were low birth weight (infant weight < 2500 g) and mode of delivery (vaginal vs. Cesarean). We also adjusted for the sex of the baby, because previous research found that carrying boy babies was associated with serious pregnancy complications (Verburg et al. 2016) . Since this analysis is based on the combined 2002-2012 PELL data across 11 years, we also included year of delivery. This study was approved by the institutional review boards of the authors' respective institutions and the Massachusetts Department of Public Health.
Statistical Analyses
We summarized and compared sociodemographic, health, and clinical characteristics between women with and without IDD using Chi square tests (for categorical variables), t-tests (for continuous variables), and Wilcoxon rank-sum tests (for variables that were not normally distributed). We conducted unadjusted and adjusted survival analysis using Cox proportional hazard models to compare the occurrence of first hospital admission or emergency department visits between women with and without IDD within 1-42, 43-90, and 91-365 days after childbirth. Similarly, we estimated the occurrence of first repeated (≥ 2) hospital admission, repeated (≥ 2) ED visits, and frequent (≥ 4) ED visits. Women who were followed for more than 365 days after childbirth but whose first hospital admission or ED visit occurred after 365 days were right-censored at 365 days or were considered as having no hospitalization or ED visits. The time that was first counted was the hospital discharge date. We estimated the hazard ratios (HR) and 95% confidence intervals (CI) of the time to occurrence of the first event of interest (hospital admission or ED visit). Owing to inclusion of repeated deliveries to the same mother during the study period, we adjusted for individual-level clustering by using the robust clustered sandwich estimator method (Wooldridge 2003) . First, in line with methodological guidelines to avoid overadjustment bias, (Schisterman et al. 2009) we used multivariable models (model 1) that adjusted for maternal age, race/ethnicity, maternal education, marital status, type of health insurance, adequacy of prenatal care, pre-pregnancy health conditions or pregnancy complications, and year of delivery. Variables that are likely on the causal pathway between maternal IDD status and postpartum hospital admissions or emergency department visits (i.e., delivery complications, low birth weight, cesarean delivery, and sex of the newborn child) were not included in these models. In the second step, we adjusted the multivariable models (model 2) for the pathway variables to assess how they influence the results from model 1. For covariates with missing values we conducted chained multiple imputations.
We performed all analyses using Stata, version 15 MP (StataCorp 2015).
Results
Sample Characteristics
Women with IDD were more likely to be younger, have a lower level of education, be non-Hispanic Black or Hispanic, have public health insurance, and were less likely to be married (see Table 2 ). Women with IDD were more likely to have 'adequate plus' prenatal care based on the Kotelchuk index (Kotelchuck 1994 (Kotelchuck , 1997 , smoke during pregnancy, have one or more pre-pregnancy comorbidities or delivery related complications, have a low birth weight infant, and have a Cesarean delivery. There were no statistically significant differences in the sex of the newborn baby between women with and without IDD. Table 3 compares the prevalence of postpartum hospital admissions and ED visits among women with and without IDD. Compared to women without IDD, women with IDD had higher prevalence rates for hospital admission and ED visits during all critical postpartum periods. Women with IDD had at least two times higher rates for any hospitalizations within 1-42, 43-90, and 91-365 days after childbirth compared to women without IDD. Similarly, women with IDD had a higher risk for repeated hospitalizations (≥ 2) within 1-42, 43-90, and 91-365 days after childbirth. Women with IDD also had a longer duration of hospital stays in terms of average days during hospitalizations that occurred within 43-90 days (4.5 vs 3.4); however, the length of hospital stays from 1 to 42 days and 91-365 days were not significantly different.
Women with IDD had at least about two times higher prevalence rates of any ED visits within 1-42, 42-90, and 91-365 days after childbirth. Compared to women without IDD, women with IDD also had at least about four times higher prevalence rates of repeated ED visits (≥ 2) and frequent ED visits (≥ 4) within 1-42, 43-90, and 91-365 days after childbirth. Table 4 reports the unadjusted and adjusted hazard ratios for the risk of postpartum hospital admissions between women with and without IDD. In the unadjusted analysis, women with IDD had a higher risk for any hospital admissions within 1-42 days after childbirth (HR 2.53; 95% CI 1.67-3.83; p < 0.001). The risk for hospital admissions was also high in subsequent periods, including within 43-90 days (HR 2.26; 95% CI 1.01-5.43; p < 0.001) and 91-365 days after childbirth (HR 4.84; 95% CI 3.68-6.37; p < 0.001). In the unadjusted analysis, women with IDD also had a higher risk for repeated hospital admissions (≥ 2) (HR 7.07; 95% CI 2.93-17.06; p < 0.001). The risk of repeated hospital admissions for women with IDD remained high in subsequent periods, including within 43-90 days (HR 5.77; 95% CI Table 5 reports the unadjusted and adjusted hazard ratios for the risk of postpartum ED visits between women with and without IDD. In the unadjusted analysis, women with IDD had a higher risk for any ED visit within 1-42 days after childbirth (HR 3.43; 95% CI 2.89-4.06; p < 0.001). The risk for ED visits was high in the subsequent periods, including within 43-90 days (HR 3.26; 95% CI 2.61-4.07; p < 0.001) and 91-365 days after childbirth (HR 2.22; 95% CI 1.94-2.53; p < 0.001). In the unadjusted analysis, women with IDD also had a higher risk for repeated (≥ 2) and frequent (≥ 4) ED visits. The risk of repeated (≥ 2) and frequent (≥ 4) ED visits for women with IDD further increased in the subsequent periods, including within 43-90 and 91-365 days after childbirth. Although, these results somewhat attenuated after controlling for covariates in model 1 and model 2, significance levels remained robust.
Discussion
This paper offers a first examination of hospital and emergency department use during the critical postpartum periods, within 1-42, 43-90, and 91-365 days after childbirth among US women with IDD using population-based, longitudinally linked, administrative data. Consistent with our hypotheses, compared to women without IDD, women with IDD had a higher risk for any hospital admission and ED visit within 1-42, 43-90, and 91-365 days after childbirth. Interestingly, the risk of hospital admissions and ED visits increased in the subsequent postpartum periods (within 43-90 and 91-365 days). The elevated risks for postpartum hospital admissions and ED visits remained robust after controlling for all available covariates.
The year following childbirth is a challenging time for many women. It is a period of transition extending from childbirth to 1 year post-delivery. In the postpartum period, women experience physical, social, and psychological changes, including the demands of taking care of a newborn, and increased vulnerability to many health problems including depression (Aber et al. 2013; Burgio et al. 2003; Declercq et al. 2014; Lowe et al. 2005) . The health and wellbeing of the mother during this time has potentially lasting effects on the health of the mother and her infant . Given the significant disparities in health and healthcare access for women with intellectual and developmental disabilities, (Brown et al. 2016a (Brown et al. , 2016b (Brown et al. , 2017 McConnell et al. 1997; Mitra et al. 2015; Parish et al. 2015) and the findings from this study, there is a critical need to understand the postpartum health and needs of women with IDD and develop evidence-based interventions to better support them during this time. Future research needs to examine the main reasons for increased postpartum hospitalizations among women with and without IDD.
Postpartum office visit attendance has been recognized as a significant indicator of quality of postpartum care with the potential to improve the long-term health and well-being of the mother and the infant (ACOG Committee on Obstetric Practice 2016). Although the current American Congress of Obstetrics and Gynecology (ACOG) recommends one postpartum visit within 6 weeks of delivery (ACOG Committee on Obstetric Practice 2016), postpartum visit attendance rates are poor among US women. Approximately 60% of US women attend a postpartum obstetric visit within the recommended 3 months post-delivery (AAP and ACOG2012, ACOG Committee on Obstetric Practice 2016). However, there are no published data on the utilization of postpartum office visits among women with IDD. The ACOG recommendation of one visit within 6 weeks of delivery and the Medicaid reimbursement policy is likely insufficient for women with IDD. Almost 80% of deliveries among women with IDD were to women with public insurance (Parish et al. (Kotelchuck 1994 (Kotelchuck , 1997 b Risk factors during pregnancy include one of the following pre-existing chronic and pregnancy related comorbidities: diabetes (gestational or chronic), hypertension (pregnancy-related and chronic), cardiac disease, hydramnios/oligohydramnios, hemoglobinopathy, renal disease, RH sensitization, rubella infection during pregnancy, seizure disorders, sickle cell anemia, uterine bleeding, weight gain/loss, and other complications recorded c Delivery related complications include one of the following: abruptio placentae, other excessive bleeding, placenta previa, precipitous labor, prolonged labor, rupture of membrane, seizures during labor, anesthetic complications, breech/malpresentation, cephalopelvic disproportion, cord prolapse, dysfunctional labor, febrile, fetal distress, meconium moderate to heavy, and other complications of labor and delivery d Low birth weight: Infant weighing < 2500 g.
2015)
. Consequently, a modification in the Medicaid policy and ACOG recommendations for postpartum care is critical to improving the postpartum health of women with IDD (ACOG Committee on Obstetric Practice 2016; Mitra 2017). In addition, the ACOG guidelines for optimizing postpartum care through the development of anticipatory postpartum care plans during pregnancy may be particularly important for women with IDD given their elevated rates of adverse birth outcomes, pregnancy complications, and postpartum hospital utilization (AAP and ACOG 2012; ACOG Committee on Obstetric Practice 2016). Recognizing the importance of postpartum health and wellness, efforts to address the US systems of care during the postpartum period are ongoing (Association of Maternal and Child Health Programs 2014; Verbiest et al. 2016) . These efforts recognize the need to provide seamless, comprehensive, integrated, woman-centered care beginning early in life through the entire reproductive lifespan, extending from preconception to prenatal and postpartum (Association of Maternal and Child Health Programs 2014; Verbiest et al. 2016) . The collective body of evidence on the perinatal health of women with IDD, in addition to the findings from this study underscore the need for an in-depth understanding of the needs, experiences, and health of women with IDD during the postpartum and the inclusion of their needs and experiences in the national "approach to woman-centered postpartum care" (Verbiest et al. 2016 ).
Strengths and Limitations
The limitations of this study include the lack of information about the women's living situations and extent of social support, both of which are potentially associated with postpartum health and healthcare utilization. A second limitation of this study is that we could not assess the functional characteristics of the sample, including severity of their disability, their communication abilities, and type of residence in this study. Women with IDD are a heterogeneous group and this heterogeneity might contribute to variability in the likelihood of having postpartum hospital utilization. Third, there is no clinical corroboration of information in the PELL data. In addition, some women with IDD may not have been identified and included in this study because ICD-9 codes related to their IDD diagnosis were not entered into their records. Therefore, the findings from this study likely underestimate the number of women with IDD and introduce conservative bias into the results. Fourth, although these data represent the entire population of Massachusetts women who delivered between 2002 and 2012, the findings may not generalize to women living in other states. The study also did not include spontaneous or elective abortions during the first or early second trimester because Massachusetts law does not require the reporting of fetal deaths < 20 weeks or birth weight < 350 g. Fifth, the small number of outcomes in the IDD group for some of the analyses resulted in large confidence intervals. Future studies need to use a larger sample size to examine these outcomes. Finally, combining multiple years of data presents a challenge in terms of controlling for potential confounding factors related to changes in policies Table 3 Prevalence of postpartum hospitalizations and emergency department visits among singleton deliveries to women with and without IDD in Massachusetts, 2002 Massachusetts, -2012 Source: Pregnancy to Early Life Longitudinal (PELL) Data, 2002 Data, -2012 Data are n(%) of deliveries, unless otherwise specified IDD intellectual and developmental disability, ED emergency departmen, IQR inter quartile range, SE standard deviation and practices related to perinatal care between 2002 and 2012. Future research should examine postpartum hospitalizations with a larger sample and for one or fewer crosssection periods as well as by looking at the differences by type of IDD. Despite these limitations, this study has notable strengths. First, to our knowledge, this is the first study of ED and hospital utilization among US women with IDD during the critical postpartum periods, including within 1-42, 43-90, and 91-365 days after a childbirth. Second, this is a population-based study which does not rely on disability registries, limiting selection bias. Another strength is the use of longitudinally linked administrative data to identify women with IDD and examine their risk for postpartum hospitalizations and ED visits.
Conclusion
This study found that women with IDD had markedly higher rates of postpartum hospital admissions and emergency department visits during the critical postpartum periods after a childbirth (within 1-42, 43-90, and 91-365 days). These findings were robust and persisted even after controlling for many social, demographic, and clinical characteristics. Given the heightened risk of pregnancy complications and adverse birth outcomes and the findings of this study, there is an urgent need for clinical guidelines related to the frequency and timing of postpartum care among new mothers with IDD. Further, this study provides evidence of the need for evidence-based interventions for new mothers with IDD to provide preventive care and routine assessments that would identify and manage complications for both the mother and the infant outside of the traditional postpartum healthcare framework. 
